Background This study examined urban-rural and socioeconomic differences in adolescent toothbrushing.
Introduction
Toothbrushing with fluoride toothpaste is believed to be the single behaviour most strongly associated with dental caries. 1 It is recommended that children's teeth are brushed at least twice daily with fluoride toothpaste, from the moment the first tooth appears, to reduce levels of caries and gum disease.
2 Previous studies have shown strong association between socioeconomic status (SES) and child oral health and oral health behaviour. Family affluence, parental occupation and family structure, have shown associations with adolescent toothbrushing with poorer results for those with lower SES.
3,4 Furthermore, arealevel deprivation is associated with prevalence and extent of childhood dental caries, 5, 6 Importantly, Poulton et al. 7 found that SES in childhood was associated with poor oral health in adulthood even after adjustment for adult SES, suggesting SES during childhood to have a profound effect on oral health. Historically, Scotland's children have had relatively poor oral health compared with other countries in the UK and North Western Europe. 8 This was thought to be largely due to a diet high in sugar and poor oral health care, including infrequent toothbrushing. Following a government consultation highlighting the need for significant improvement, national targets were introduced directed at early years' oral health 9 and several initiatives, collectively known as Childsmile, 10 designed to improve the oral health of children and young people in Scotland, are currently under way. These include supervised fluoride toothbrushing schemes for younger children and oral health promotion programmes in secondary schools. 11 More recent statistics show improvements in oral health across the child population. 12, 13 However, some groups of society continue to have particularly high prevalence of caries and low rates of twice-a-day toothbrushing.
Scotland has a very disparate geography. Most of the population of Scotland resides in the central belt which includes the two largest cities, Glasgow and Edinburgh, and several other large towns. The Highlands and Islands, home to 7% of the Scottish population, makes up over 60% of Scottish landmass, with a resulting sparse population density of eight people per square kilometre in remote rural areas. These large differences in geography make the study of urban-rural differences in health in Scotland particularly interesting. Previous research, largely focussed on adult health, has shown less favourable outcomes in remote rural Scotland. 14 -17 Geographic differences in health outcomes are thought to be due to several possible factors. Specific to oral health are differences in the number of dental service registrations among the child population 18 as well as differences in remuneration method and dental specialisms 19 and access to services due to the physical environment. 20 In rural Scotland there is a lower proportion of children registered to a dental practice and a higher proportion of salaried (as opposed to publicly funded) dental practitioners.
In a previous study, Levin et al. 21 found that children living in rural areas had better dental health than those living in urban Scotland, even after adjustment for deprivation. It was concluded that in rural Scotland either: (i) children brushed their teeth with fluoride more regularly or (ii) children had better eating behaviour or (iii) access to or provision of dental health services was better. Accordingly, the current study set out to examine the first theory. As rural areas of Scotland are characterized by lower levels of deprivation, 22 studying geographic inequalities requires adjustment of area-level deprivation. A second aim of the paper was to consider socioeconomic inequalities in toothbrushing at the individual, school and area-level. We hypothesize that the analyses will show higher prevalence of toothbrushing among young people of higher SES and in rural areas, particularly accessible rural areas.
Methods

Study design
This paper uses Scottish data from the Health Behaviour in School-aged Children (HBSC) Scotland survey collected between January and March of 2010. The population was stratified by education authority and school type, and a nationally representative sample was selected using systematic random sampling. Pupils in Secondary 4 (S4), aged on average 15.5 years, received questionnaires in school using passive parental consent. The questionnaire was completed anonymously in class under teacher supervision. The research protocol was approved by the University of Edinburgh's School of Education Ethics Committee.
The 2010 HBSC Scotland survey sample of S4 pupils was boosted in rural areas to be representative of both urban and rural Scotland ( Table 1 ). The boosted sample of classes was selected randomly within each rurality classification, assigned to schools by their postcode, with the aim of achieving a minimum of 300 children within each rurality classification, to give 95% confidence intervals of +6% around a proportion of 65% and a design factor of 1.2.
Outcome variables
The survey asked young people how often they brush their teeth. Responses were 'More than once a day, Once a day, At least once a week but not daily, Less than once a week, Never'. The data were re-coded to give a dichotomous variable, 'brush teeth twice a day or more'/'do not brush teeth twice a day'.
Explanatory variables
Young people's age and sex were included in analysis. School type (state or independent) was also included. The family affluence scale (FAS) was calculated using items on car ownership, own bedroom, family holidays and computer ownership. 24 The items were combined using categorical principal components analysis to produce tertiles of low, medium and high FAS. Family structure was also included as this may be a proxy for SES and is known to be related to both FAS and toothbrushing. 5 Survey respondents were coded as living with both parents/a single parent/step family/'other'.
The Scottish index of multiple deprivation (SIMD) was included as an indicator of deprivation at the 'data zone' small-area level. 25 This was assigned to individual child's home postcode. The results presented were for relative deprivation using quintiles, as recommended. 26 Rurality was included as a categorical variable, as defined by the 2008 Scottish Household Survey urban-rural classification.
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A further set of explanatory variables, found previously to be associated with adolescent toothbrushing and possible confounders of its association with rurality, 4 was included in the final model. The effect on existing variables in the model was noted. These variables were grouped under the subheadings: family demographics (ethnicity, family size, having a second home), SES/wealth (family SES, joblessness), family relationships (contact with parents, perceived parenting, relationship with parents, relationship with elder brother, relationship with elder sister) and mealtime routines (breakfast consumption frequency, family meal frequency, food poverty). For more information on these variables please see Levin and Currie. 4 
Data imputation
Of the 3577 young people who responded to the survey (4211 were surveyed), 885 (25%) had missing postcode information, 54% boys and 46% girls. This meant 25% of cases could not be assigned rurality or SIMD indicators. Among those who did provide postcode information, twice-a-day toothbrushing was marginally more prevalent; 75% compared with 71% of those with missing data. Although there did not appear to be response bias by affluence, to avoid exclusion and maximize the power of the study, multiple imputation by chained equation (MICE) was carried out in SPSS version 19.0, to impute missing deprivation and rurality information. 27 In addition to predictor and outcome variables, we included in the imputation model the following associated measures: school, perceived safety of local area, good places to go locally, able to trust people locally, litter in local neighbourhood, time taken to get to school, method of travel to school, reported physical activity and education authority. Twenty imputed datasets were generated as recommended. 28 
Statistical analysis
As there are known gender differences in adolescent twice-a-day toothbrushing and associated factors, 4 the dataset was stratified by gender and treated as two separate datasets, one for girls and one for boys. Preliminary analyses described the data, presenting frequencies for each variable for boys and girls, using the statistical software SPSS, version 15.0 Complex Samples package. This took account of the clustered nature of the data; children clustered within schools, clustered within stratum, defined by Education Authority. Multivariable multilevel models adjusting for all explanatory variables were run in in MLwiN, 29 using the Markov Chain Monte Carlo (MCMC) method of estimation, and odds ratios and 95% confidence intervals were calculated. Fixed and random parameter estimates were tabulated. Estimates reported in the results are based on a chain of length of 50 000 following a burn-in of 15 000. The deviance information criterion (DIC) was used as a measure of model fit with a lower value of the DIC being favoured. 30 Models were then run for each of the imputed datasets, and were combined using Rubin's Rule. 31 Results for complete-case and imputed datasets were compared and discussed.
Moran's I statistics were calculated using R, 32 and the package GWmodel, 33 for the complete-case models to measure spatial autocorrelation, as recommended. 34 For comparison of 20 nearest neighbours, I ¼ 0.20 (expected value 20.0008, variance 0.00007) for boys and I ¼ 0.17 for girls (expected value 20.0007, variance 0.00006), P , 0.001 for both. This indicates significant autocorrelation of the residuals, however when the complete-case datasets were modelled adjusting for autocorrelation using spatial modelling techniques, the parameter estimates saw little change, and this did not affect the overall conclusions.
A further final stage of modelling adjusted for familial variables detailed in Levin and Currie. 4 Again, this did not affect 
Results
Girls were more likely to brush their teeth than boys (83% compared with 65%, P , 0.001) ( Table 2 ). Boys and girls of high FAS were more likely to brush their teeth twice a day (P ¼ 0.036 and P , 0.001 respectively). Similarly, those living with both parents were more likely to brush their teeth twice a day, while girls living in single parent families and boys living in single parent or step families were less likely to do so. Accessible rural areas had significantly lower prevalence of girls' toothbrushing when compared with remote rural (P ¼ 0.024) and urban areas (P ¼ 0.043). Prevalence of toothbrushing rose with area-level affluence for both boys and girls, with greatest toothbrushing prevalence among those living in the least deprived SIMD quintile.
When the data were modelled, boys' toothbrushing was associated with family structure and area-level deprivation only (Table 3) . Boys living in a family structure other than the traditional two-parent family had low odds of brushing teeth twice a day, although this varied by area-level deprivation, so that a boy living in a step family but in an area classified as SIMD 5 had higher odds (OR ¼ 1.10) of brushing teeth twice a day than a boy living with both parents but in SIMD 1. After adjustment for all variables, variance at the school level remained significant for boys' toothbrushing (under a one-sided t-test). Girls' toothbrushing was associated with FAS, family structure, area-level deprivation and rurality, with lower odds of brushing teeth in accessible rural areas. Unexplained variance was not significant at the school or education authority level. Interactions between rurality and SIMD or FAS were not significant for boys' or girls' toothbrushing.
When further explanatory variables were included in the model (not shown), this did not affect the significance of the variables or school-level variance listed in Table 4 , with only marginal differences in effect sizes. Of the variables included only sharing a family meal and regular breakfast consumption were additionally significant predictors of boys' toothbrushing and only perceived parenting and regular breakfast consumption were additional predictors for girls' toothbrushing.
The imputed datasets were then modelled and combined to give the estimates shown in Table 4 . The only differences between these and the models for complete-case analysis were that toothbrushing was associated with age for both boys and girls, with greater odds for older boys and lower odds for older girls. The relationship between boys' toothbrushing and family structure and SIMD was more pronounced in the final models based on imputed data, but this aside, results for complete-case and imputed datasets were very similar.
Discussion Main findings of the study
This study finds that girls' twice-a-day toothbrushing is less prevalent in accessible rural areas, when compared with urban areas, and that this difference persists after adjustment for both FAS and area-level deprivation. A further finding of this paper is that twice-a-day toothbrushing is strongly patterned by area-level deprivation, even after adjustment for individual affluence. There are known difficulties in distinguishing individual and area-level effects. 35, 36 The affluence measure used here may not distinguish SES appropriately, so that what appear to be area-level effects may be at the individual level. Nevertheless, identifying at-risk groups by area is relevant for many initiatives. 
What is already known on this topic
A previous examination of 5 year olds' caries experience (d 3 mft) found that children from accessible rural Scotland had lower prevalence of caries and a lower count of teeth affected by caries. 21 Better oral hygiene in rural areas was hypothesized as a possible explanation for better oral health in rural areas.
Additionally, a study of geographic differences in adolescent food consumption showed lower prevalence of sweets and crisps consumption in rural areas. 37 A second explanation might therefore be related to differences in diet.
The Childsmile programme has sought to improve the oral health of children in Scotland and tackle socioeconomic 
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inequalities. Interventions include provision of a child dental service within the education system, education of care-givers through oral health guidance leaflets disseminated in maternity wards and followed up at various stages of the child's early years, as well as dissemination of dental packs (toothbrush and fluoride toothpaste) and feeder cups, and use of fluoride varnish and sealants. The initiative has additionally provided a range of resources for practitioners. Childsmile originated in 2006 as an initiative directed at nurseries in more deprived areas in Scotland but has more recently been rolled out nationally and extended into schools and other community settings.
What this study adds
The findings of this study, in combination with the findings of previous studies of geographic differences in caries 21 and diet, 37 suggest one of three things. Firstly, it may be that the dental health of 5 year olds in 2008 at the small-area level is not correlated to oral health behaviour of 15 year olds in 2010. Secondly, the children were not asked whether they brushed their teeth with fluoride toothpaste, or what other preventative measures they had undertaken, e.g. visits to the dentist, fluoride varnishing etc. There may be geographic differences in use of fluorides. However, there is no rationale for believing there to be higher rates of toothbrushing without fluoride in urban areas. Lastly, the superior oral health of the rural population may be due to diet, rather than toothbrushing. In other words, the notion that toothbrushing is more preventative of caries than diet, 38, 39 does not apply. In fact, if this interpretation holds true, and assuming that oral health in early childhood tracks into adolescence, the findings of the current study show that in spite of lower toothbrushing prevalence among girls, a diet with less sugar results in more favourable oral health outcomes. In accordance, a recent review found a relationship between sugar consumption frequency and caries, 40 while Masson et al. 41 showed that toothbrushing with fluoride toothpaste did not overcome associations between sugar consumption and dental health treatment. The findings collectively highlight a need for new studies to consider the relative impact of diet on oral health in the wake of the 'obesity epidemic'. 42 It may be that previously held beliefs are now outdated, as use of fluoride toothpaste becomes the norm and dietary concerns rise, particularly for those living in a 'sweetie culture'. 43 Childsmile 10 initially targeted children in more deprived areas, primarily in central Scotland. We may therefore see the impact of Childsmile on socioeconomic and geographic inequalities in toothbrushing in future studies. This study therefore presents area-level inequalities at the baseline. The study also highlights the importance of the school setting as a context for health promotion, particularly among boys. The findings show a clustering of toothbrushing prevalence at the school level. This is a valuable and again, pragmatic finding, suggesting more can be done at the school level to improve boys' oral health behaviour. Further research is needed to understand school differences in boys' oral health outcomes. These may be due to differences in health education within secondary schools or feeder primary schools, as toothbrushing behaviour is known to track from a young age into adulthood, 44 or may be a by-product of breakfast clubs, a provision of before-hours breakfasts offered to pupils on school premises and currently available at some secondary schools but not others; in 2010, 33% of primary and 58% of secondary schools in Scotland provided a breakfast club for pupils. 45 The study highlights the need to take account of gender differences in health behaviours within school health promotion initiatives.
Moran's I statistic was found to be positive and significant, suggesting that young people living geographically closer together had similar toothbrushing habits. This is likely due to oral health promotion initiatives, carried out in localized areas as a prelude to Childsmile, primarily in urban areas, such as the Pre-Five-Year-Old Oral Health Gain Project, 46 which ran in a deprived area in Glasgow from 1998. These may have prompted participating members of the current study cohort to establish good habits early on.
Limitations of this study
There was a substantial amount of missing postcode information (25% of cases). We therefore chose to use multiple imputation to increase the power of the study and reduce potential response bias. Complete case analyses and imputed analyses resulted in the same conclusions, as did further adjustment for individual level familial variables, so that we are reasonably confident in the findings. However, even after imputation of missing data, the required minimum of 300 cases per sex-rurality group was not achieved for Remote Towns because the boosted sample was selected by class rather than child's residence. The impact of not achieving this sample size may have resulted in an underpowering and therefore an overly conservative test of comparison between these and urban areas within the models. However, the optimal sample size of 300 was for proportions of 65/35%. For the outcome girls' toothbrushing, proportions were somewhere 80%, bringing the required sample size for each sex-rurality group for the same level of precision down to 205 cases per rurality.
